Bone homeostasis is preserved by the balance of maintaining between the activity of osteogenesis and osteoclastogenesis. However, investigations for the osteoclastogenesis were hampered by considerable difficulties associated with isolating and culturing osteoclast in vivo. As the alternative, stimuli-induced osteoclasts formation from RAW264.7 cells (RAW-OCs) have gain its importance for extensively osteoclas- 
| INTRODUC TI ON
The integrity of bone and skeleton tissue is preserved by the balance maintaining between the activity of the osteoblasts conducted bone forming and osteoclasts conducted bone resorbing, which ensures no net change in bone mass. 1, 2 However, the balance was constantly cycled for remodelling bone tissue with the starting from the osteoclasts formation (osteoclastogenesis), 3 and investigations for the osteoclastogenesis were hampered by considerable difficulties associated with isolating and culturing osteoclast in vitro. 4 To solve the issues of osteoclast differentiation in vitro, initial studies try to differentiate osteoclasts through co-culturing various cell types, such as splenocyte precursor cells, primary monocytes/macrophages with primary osteoblasts or stromal cell linages, 5, 6 which subsequently followed the collagenase treatment, to allow releasing of the osteoblast/stromal cell component, finally leading to the formation of osteoclastic cells. 7 However, except few cell linages could be used for decipher the mechanisms involved in osteogenesis and bone homeostasis, the most cell linages finally be proved as an invaluable research cellular tool for study osteoclastogenesis. 4 Osteoclasts arise in the bone marrow from the fusion of haematopoietic cells of a monocyte/macrophage lineage after stimulation by macrophage colony-stimulating factor (M-CSF) 8 and receptor activator of nuclear factor-κB ligand (RANKL). 9 RANKL acts directly on osteoclast precursors, via the receptor RANK, to induce differentiation of precursors to multinuclear bone resorbing cells. 10 As the consequence of the discoveries and extensively exploring for M-CSF and RANKL, study for osteoclasts in the fields of cellular developing, functional activity and biological molecular mechanism stepped into new era. [11] [12] [13] Primary osteoclast precursor cells, which including bone marrow macrophage (BMMs), 14 splenocytes 5 and peripheral blood monocytes, 15, 16 can now be induced to osteoclastic differentiation in vitro by culturing in the presence of recombinant M-CSF and RANKL. 17, 18 However, the use of these primary cells raised difficulties, which associated with these cell linage characters, such limits including the availability and variation in response patterns among different cellular study preparations. 19, 20 Moreover, as a genetic virtually untransfectable cell linage, primary cell-derived osteoclasts and their precursors are poorly suited for genetic manipulation and promoter studies. 20 In addition to primary cells, the RAW264. Otherwise, previous study showed the elder RAW264.7 cells could change its morphology and decrease the production of proteins, which lead RAW264.7 cells resistant for differentiation and transduction. 44 However, there still lack evidence for rigid classification criteria of cell lines between various passages and it seems to be cell-linage dependent. Therefore, combined with previous excellent and novel studies in these fields, 4 ,32 in our experiences, it might be a reason for different RAW-OC induction efficacies among various study groups. Therefore, confirmation of RAW264.7 stability through phenotype study among is important for the proper further data interpretation. No. 5 to No. 50. 32 However, comparing to RAW264.7, the bone marrow macrophage-M0 (BMM-Mφ) has been reported markedly express CD169. [45] [46] [47] Otherwise, the CD11c and iNOS in subpanel-1 are demonstrated as highly expressed in pro-inflammatory macrophage stage (M1). 48 Similarly, genes in subpanel-2 and subpanel-3 also associated with macrophage activation including: CD86, HIF-1α, CD11a, CD18, CD206, CD200R, Glut1 (Glucose transporter 1) and Ly6c and TfR2, Arg1 and SCARA-5b (scavenger receptor class A member 5) respectively. 32 Interestingly, however, as an iNOS inhibitory genes, the Arg1 also highly expressed in another polarized macrophage stage: anti-inflammatory (M2) phenotype, 49, 50 and its expression in RAW264.7 has be showed significantly higher in the passage of No.
15. 32 Notably, the expression of TRAP, which involved in osteoclastogenesis and as one of osteoclastic specific genes remains stable in RAW264.7 cell linage from the passage No. 5. 32 Besides that, Wang et al 51 
| R ANKL AND ITS ROLE IN R AW-O C S INDUC TION
Receptor activator of nuclear factor kappa B (RANK also known as ODF, OPGL and TRANCE), which is one of TNF receptor family members, is expressed in osteoclasts and their precursor cells as the receptor of RANKL. 3, 9, 10, 52 
86-88
This engagement leads to the activation of a signalling cascade with downstream targets, which including extracellular regulated kinase (ERK), 81 p38 mitogen-activated protein kinase (p38), 59 c-Jun N-terminal kinase (JNK), 56, 89 phosphatidylinositol-3 kinase (PI3K) 90 and
IκB kinase. 91, 92 Consequently, crucial osteoclastogenic transcription factors, such as activator protein-1 (AP-1:c-Fos and c-Jun), 93 nuclear factor-κB (NF-κB), 94 and nuclear factor of activated T cells c1 (NFATc1) are activated. 27 In that, NFAT family members are previously been reported expressed in RAW264.7 cells and that their expression is up-regulated in response to RANKL stimulation. 95, 96 In fact, calcineurin inhibitory peptide could inhibit the RANKL-induced RAW264.7 monocyte/macrophage cell line into mature RAW-OCs.
Otherwise, ectopic expression of a constitutively active calcineurin-independent NFATc1 mutant in RAW264.7 cells fused into morphologically giant multinucleated RAW-OCs, which possess the capabilities for the resorption of a physiological mineralized matrix substrate. [97] [98] [99] Meanwhile, as critical transcriptional factors, c-Fos and NFATc1 are sufficient to induce the expression of osteoclastspecific genes expression, including TRAP and cathepsin K, 100 and fusion-specific genes expression, which including dendritic cell-specific transmembrane protein (DC-STAMP). 101 However, although initial studies speculated that RANKL/RANK signalling is indispensable for RAW-OCs formation, extensive study explored the understanding of the contingent series of signalling events involved in RAWOCs is far from completely understood.
| LIP OP OLYSACCHARIDE AND ITS ROLE IN R AW-O C S INDUC TI ON
Physiological defense responding is important for the host to survive infection. 113 However, this rapid formation should be reasonable because the response to LPS should correspond to that to bacterial infection. 113 Moreover, LPS-induced RAW-OCs formation does not require the assistance of other cells, whereas primary osteoclast precursors require RANKL, which secreted from osteoblasts. Otherwise, although RAW264.7 cell linage has been identified as a transfectable RANK expressing, the LPSinduced RAW-OC was associated with RANKL-independent signalling cascades. 111 Besides that, even in Nakanishi-Matsui study, they found these LPS-induced giant multinucleated cells manifested as a promising internalization ability for polystyrene beads (diameter 6-15 μm), 113 this cellular activities similar to the osteoclasts were induced by periprosthetic wear debris. Further, they found the internalizing efficacy of LPS-induced multinucleated cells is better for osteoclast.
Studies, including ourselves previous report, stimuli could induce RAW264.7 fuse into giant sized RAW-OCs differentiate. 28, 113 In fact, depending on the species, osteoclasts involved in normal bone remodelling contain an average of 3-10 nuclei. 114 Based on this, conventional osteoclast could be defined as TRAP-positive stained nucleus number greater than 3. Interestingly, however, according to the number of nucleus, osteoclasts could be classified into 'big osteoclast' and 'small osteoclast', which containing the nuclei number greater than 10 or 
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